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(54) METHOD FOR CONTROLLING COMMUNICATION AND WIRELESS BASE STATION

(57) The present invention provides a communica-
tion control method executed in a multi-hop cellular net-
work including at least one gateway and a plurality of
radio base stations, the communication control method
including: a first radio base station that is performing the
radio resource management and the movement man-
agement concerning a radio mobile station requesting,
when the first radio base station determines that it is nec-
essary to switch a connection destination of the radio
mobile station, a second radio base station at a handover

destination to perform handover processing and instruct-
ing the radio mobile station (a handover execution mobile
station) to perform handover to the second radio base
station; and the second radio base station determining,
based on the number of times of transfer until a signal
transmitted from the first radio base station reaches the
own station, whether to change the radio base station
that performs the radio resource management and the
movement management concerning the handover exe-
cution mobile station.
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Description

Field

[0001] The present invention relates to a communica-
tion control method and a radio base station used in a
multi-hop cellular radio system formed by using a tech-
nology of an ad hoc network.

Background

[0002] As a method of delivering data, which is trans-
mitted from a transmission terminal, to a reception ter-
minal incapable of performing direct radio communica-
tion through multi-hop transfer by another radio commu-
nication terminal, there is a technology called ad hoc net-
work. In the ad hoc network, it is known that a path be-
tween radio communication terminals that form a network
is established by using a routing protocol such as DSR
(Dynamic Source Routing) or AODV (Ad hoc On-De-
mand Distance Vector) between the terminals (see, for
example, Non Patent Literature 1).
[0003] On the other hand, in packet exchange control
standardized in the 3GPP (3rd Generation Partnership
Project), an individual channel for communication sets a
radio network controller (RNC) used in first communica-
tion establishment as an anchor point and performs con-
trol for extending a routing path for data from the anchor
point (see Non Patent Literature 2).
[0004] In LTE (Long Term Evolution) also standard-
ized in the 3GPP, because the function of the RNC is
shifted to an eNodeB, a system for moving the anchor
point during handover and switching a data transfer path
is adopted (see Non Patent Literature 3).
[0005] Patent Literature 1 describes a technology for
comparing the number of hops in a routing path in each
data transmission and reception generated between spe-
cific terminals to thereby detect that a routing path be-
comes redundant based on an increase in the number
of hops and performing, based on the detection, optimi-
zation of the routing path and a change of an anchor
router (an anchor point). As a method of counting the
number of hops, a method employing a TTL (Time to
Live) parameter in IPv4 or a hop limit parameter in IPv6
is disclosed.

Citation List

Patent Literature

[0006] Patent Literature 1: Japanese Patent Applica-
tion Laid-open No. 2003-224589

Non Patent Literature

[0007]

Non Patent Literature 1: C-K. Toh, translated by Ko-

zo Keikaku Engineering Inc., "Ad Hoc Mobile Wire-
less Network - Protocol and System -" Kyoritsu Shup-
pan Co., Ltd. (2003)
Non Patent Literature 2: 3GPP TS25.832 "Manifes-
tations of Handover and SRNS relocation"
Non Patent Literature 3: 3GPP TS23.401 V8.3.0
"General Packet Radio Service (GPRS) enhance-
ments for Evolved Universal Terrestrial Radio Ac-
cess Network (E-UTRAN) access"

Summary

Technical Problem

[0008] As one of forms for applying the technology of
the ad hoc network to a cellular radio system, a radio
relay between base stations is conceivable. This is real-
ized by performing multi-hop transfer through a radio re-
lay by another base station between a base station that
handles mobile stations and a core network.
[0009] However, when this technology is applied to the
LTE or a cellular radio system in future, it is necessary
to perform radio resource control and movement control
and select one base station set as an anchor point out
of base stations on a multi-hop path. In this case, when
a cellular network managing function is imparted to a
base station closest to a mobile station every time the
mobile station moves, there is caused a problem that a
control packet for transferring a context of the mobile
station is generated and radio resources among the base
stations are consumed.
[0010] On the other hand, when the cellular network
managing function is fixed to a base station closest to a
core network, the problem involved in the context transfer
does not occur. However, there is a problem in that loads
are concentrated on the base station having the cellular
network managing function because the base station
handles a large number of mobile stations. When the
cellular network managing function is fixed to a base sta-
tion to which the mobile station makes a connection first
and a system for extending a path during movement is
adopted, because a radio resource for transfer is neces-
sary, there is a problem in that radio resources among
the base stations are wastefully consumed.
[0011] The present invention has been devised in view
of the above and it is an object of the present invention
to obtain a communication control method and a radio
base station for improving efficiency of a switching op-
portunity for a cellular network managing function, which
is a problem in realizing a multi-hop cellular radio system.
Solution to Problem
[0012] In order to solve the aforementioned problems,
a communication control method according to one aspect
of the present invention, which is executed in a multi-hop
cellular network including at least one gateway and a
plurality of radio base stations having a cellular network
managing function for performing radio resource man-
agement and movement management for a radio mobile
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station, includes: a first radio base station that is perform-
ing the radio resource management and the movement
management concerning the radio mobile station con-
nected to the multi-hop cellular network among the radio
base stations requesting, when the first radio base station
determines that it is necessary to switch a connection
destination of the radio mobile station, a second radio
base station serving as a radio base station at a handover
destination to perform handover processing and instruct-
ing the radio mobile station (a handover execution mobile
station) to perform handover to the second radio base
station; and the second radio base station determining,
based on a number of times of transfer until a signal trans-
mitted from the first radio base station reaches the own
station in the instructing handover, whether to change
the radio base station that performs the radio resource
management and the movement management concern-
ing the handover execution mobile station.

Advantageous Effects of Invention

[0013] In the communication control method according
to the present invention, the radio base station at a
handover destination determines, based on the number
of times of message transfer from a radio base station
that is providing a radio mobile station, which executes
handover, with a cellular network managing function to
the own station, whether to change the radio base station
that provides the radio mobile station with the cellular
network managing function. Therefore, there is an effect
that it is possible to improve efficiency of a switching op-
portunity for the cellular network managing function and
prevent radio resources from being consumed more than
necessary.

Brief Description of Drawings

[0014]

FIG. 1 is a diagram of an example of a multi-hop
network to which a communication control method
according to a first embodiment is applied.
FIG. 2 is a diagram of a configuration example of a
gateway.
FIG. 3 is a diagram of a configuration example of a
radio base station.
FIG. 4 is a diagram of a configuration example of a
radio mobile station.
FIG. 5 is a diagram of a sequence in which the radio
mobile station switches a connection destination.
FIG. 6 is a diagram of a sequence in which the radio
mobile station switches a connection destination.
FIG. 7 is a diagram of an example of a multi-hop
cellular network to which a communication control
method according to a second embodiment is ap-
plied.
FIG. 8 is a diagram of a sequence in which a radio
mobile station switches a connection destination.

FIG. 9 is a diagram of an example of a multi-hop
cellular network to which a communication control
method according to a third embodiment is applied.
FIG. 10 is a diagram of a sequence in which a radio
mobile station switches a connection destination.
FIG. 11 is a diagram of connection state manage-
ment information.
FIG. 12 is a diagram of a sequence in which a radio
mobile station switches a connection destination.
FIG. 13 is a diagram of connection state manage-
ment information.
FIG. 14 is a diagram of a sequence in which a radio
mobile station switches a connection destination.
Reference Signs List

[0015]

1, 1X, 1Y GATEWAYS
2A, 2B, 2C, 2D RADIO BASE STATIONS
3 RADIO MOBILE STATION
11 WIRED I/F UNITS
12, 21, 31, WIRELESS I/F UNITS
13, 22, 32 CONTROL-MESSAGE PROCESS-

ING UNITS
14, 23 PATH CONTROL UNITS
15, 24 RESOURCE CONTROL UNITS
25 MOVEMENT CONTROL UNIT
33 QUALITY MEASURING UNIT
100a COMMUNICATION AREA

Description of Embodiments

[0016] Embodiments of a communication control
method and a radio base station according to the present
invention are explained in detail below based on the
drawings. The present invention is not limited by the em-
bodiments.

First Embodiment.

[0017] FIG. 1 is a diagram of a multi-hop cellular net-
work (a multi-hop cellular radio system) to which the com-
munication control method according to the present in-
vention is applied. This system includes a gateway 1,
radio base stations 2A, 2B, 2C, and 2D, and a radio mo-
bile station 3.
[0018] In FIG. 1, the gateway 1 includes a connection
interface with a core network and relays traffic between
the multi-hop cellular network and the core network. The
radio base stations 2A to 2D perform a radio relay be-
tween the gateway 1 and the radio mobile station 3 to
deliver data transmitted by the radio mobile station 3 to
the gateway 1 and deliver data transmitted by the gate-
way 1 to the radio mobile station 3. The radio base sta-
tions have a cellular network managing function for car-
rying out management of radio resources and movement
management on the radio mobile station 3. However, all
the radio base stations do not need to provide one radio
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mobile station 3 with the cellular network managing func-
tion. Any one of the radio base stations on a path from
the radio mobile station 3 to the gateway provides the
cellular network managing function. The radio mobile sta-
tion 3 makes a connection to any one of the radio base
stations and performs data communication.
[0019] In FIG. 1, examples of a moving path of the
radio mobile station 3, a connection relation with a radio
base station on the moving path (a radio base station
with which the radio mobile station 3 directly communi-
cates), and a connection relation (a data transfer path)
from the radio base station with which the radio mobile
station 3 directly communicates (a connected radio base
station) to a core network are also shown. Specifically,
a situation in which the radio mobile station 3 starts move-
ment from a state in which the radio mobile station 3 is
connected to the radio base station 2A and switches a
connection destination to the radio base stations 2B and
2C and an example of a data transfer path at that point
are shown. The data transfer path is indicated by a bidi-
rectional arrow of a dotted line. A radio base station lo-
cated at the start point (the end point) of this arrow pro-
vides a radio mobile station, which that communicates
with the core network using the path, with the cellular
network managing function.
[0020] In FIG. 1, a range in which the radio base station
2A can communicate with other nodes (the radio mobile
station, the other radio base stations, and the gateway)
by radio is shown as a communication area 100A.
In the case of the configuration shown in FIG. 1, the radio
base station 2A can directly communicate with the radio
base station 2B and the gateway 1. Communication ar-
eas of the other radio base stations are not shown for
simplification. However, the radio base station 2B is ar-
ranged in a place where the radio base station 2B can
communicate with the radio base stations 2A and 2C and
the radio base station 2C is arranged in a place where
the radio base station 2C can communicate with the radio
base stations 2B and 2D. The radio base station 2D is
arranged in a place where the radio base station 2D can
communicate with the radio base station 2C and the gate-
way 1. The radio base stations manage a path table for
transferring data to the gateway 1 created using, for ex-
ample, a routing protocol of an existing ad hoc network.
[0021] FIG. 2 is a diagram of a configuration example
of the gateway 1. As shown in the figure, the gateway 1
includes a wired I/F unit 11 for communicating with the
core network, a wireless I/F unit 12 for communicating
with the radio base stations or the radio mobile station,
a control-message processing unit 13 for processing
messages transmitted and received by the wired I/F unit
11 or the wireless I/F unit 12, a path control unit 14 for
determining a path for transmitting a control message,
and a resource control unit 15 for managing connection
information of the mobile station.
[0022] The radio base stations 2A to 2D have the same
configuration. In the following explanation, when it is not
specifically necessary to distinguish the radio base sta-

tions 2A to 2D, these are generally referred to as radio
base station 2. FIG. 3 is a diagram of a configuration
example of the radio base station 2. As shown in the
figure, the radio base station 2 includes a wireless I/F
unit 21 for communicating with the other radio base sta-
tions 2, the radio mobile station 3, or the gateway 1, a
control-message processing unit 22 for processing mes-
sages transmitted and received by the wireless I/F unit
21, a path control unit 23 for determining a path for trans-
mitting a control message, a resource control unit 24 for
performing radio resource management, and a move-
ment control unit 25 for handling movement of the radio
mobile station 3 when the radio base station 2 becomes
a radio base station that provides the radio mobile station
3 with a cellular network managing function.
[0023] FIG. 4 is a diagram of a configuration example
of the radio mobile station 3. The radio mobile station 3
includes a wireless I/F unit 31 for communicating with
the radio base station 2 or the gateway 1, a control-mes-
sage processing unit 32 for processing messages trans-
mitted and received by the wireless I/F unit 31, and a
quality measuring unit 33 for measuring the quality of
communication with the radio base station 2 around the
radio mobile station 3.
[0024] In FIGS. 2 to 4, only components necessary for
realizing characteristic operations of this embodiment
are shown. Other general components are not shown.
[0025] Characteristic operations in the multi-hop cel-
lular network according to this embodiment, i.e., opera-
tions performed when the radio mobile station 3 moves
and switches the radio base station 2 at a connection
destination (the radio base station 2 with which the radio
mobile station 3 directly communicates) are explained.
As an example, operations performed when the radio
mobile station 3 moves as shown in FIG. 1 are explained.
Specifically, operations performed when the radio mobile
station 3 makes a connection to the radio base station
2A, sets, as an initial state, a state in which a data transfer
path between the radio mobile station 3 and the core
network is set through the radio base station 2A and the
gateway 1, and, thereafter, switches a connection desti-
nation to the radio base stations 2B and 2C in this order
according to the movement are explained. An operation
of the radio mobile station 3 for switching the connection
destination from the radio base station 2A to the radio
base station 2B (a first control procedure) and an oper-
ation of the radio mobile station 3 for switching the con-
nection destination from the radio base station 2B to the
radio base station 2C (a second control procedure) are
separately explained. In the initial state, the radio base
station 2A provides the radio mobile station 3 with the
cellular network managing function.

(First control procedure)

[0026] FIG. 5 is a diagram of a sequence in which the
radio mobile station 3 executes handover and switches
the connection destination from the radio base station
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2A (the initial state) to the radio base station 2B. In FIG.
5, only transmission and reception operations for control
messages are shown and transmission and reception
operations for data are not shown. In the following ex-
planation, "handover" indicates an operation for switch-
ing a radio base station at a connection destination such
that communication can be performed through a radio
base station at a moving destination when a radio base
station moves to a communication area of a radio base
station different from a radio base station to which the
radio mobile station is connected.
[0027] In the radio mobile station 3, when the radio
mobile station 3 is already connected to any one of the
radio base stations 2, the quality measuring unit 33 meas-
ures communication quality at predetermined timing.
The control-message processing unit 32 generates a
control message including a result of the measurement
(communication quality) and transmits, as a quality
measurement result, the generated message to the radio
base station 2, to which the radio mobile station 3 is con-
nected, through the wireless I/F unit 31.
[0028] In the initial state, as shown in FIG. 5, the radio
mobile station 3 transmits the quality measurement result
message to the radio base station 2A (a radio base sta-
tion at an anchor point) that is providing the cellular net-
work managing function (step S10). In FIG. 5, for con-
venience of explanation, only one of quality measure-
ment result messages transmitted periodically or non-
periodically is shown.
[0029] When the radio base station 2A, which is a des-
tination of the quality result message, receives the quality
measurement result message, the radio base station 2A
checks contents of the quality measurement result mes-
sage. As a result, when the radio base station 2A deter-
mines that the communication quality is deteriorated and
determines that handover for switching the connection
destination from the own station to another radio base
station 2 is necessary, the radio base station 2A transmits
a handover request message to the radio base station
2B at a handover destination (step S11). At this point,
the radio base stations 2 that relay the handover request
message perform transfer after recording the number of
times of message transfer in the handover request mes-
sage. For example, a predetermined area for recording
the number of times of transfer is secured in the handover
request message. The radio base station 2 that gener-
ates the handover request message records an initial
value (0, 1, etc.) as the number of times of transfer. When
the radio base stations 2 transfer the handover request
message, the radio base stations 2 update (increment)
number-of-times-of-transfer information. Consequently,
the radio base station 2 at a destination of the handover
request message can learn how many times the hando-
ver request message is transferred to reach the radio
base station 2. In this example, the radio base station 2B
at the handover destination detects that the handover
request message is transferred once (the message di-
rectly reaches the radio base station 2B from the radio

base station 2A at the issue source not through other
radio base station 2).
[0030] Each of the radio base stations 2 according to
this embodiment included in the multi-hop cellular net-
work shown in FIG. 1 stores a largest number of hops (a
threshold) between the radio base station 2 that provides
the radio mobile station 3 connected to the own apparatus
with the cellular network managing function and the own
apparatus. When each of the radio base stations 2 func-
tions as a radio base station at the handover destination
and executes handover processing, the radio base sta-
tion 2 compares the number of times of transfer of the
handover request message and the threshold (the max-
imum number of hops). If the number of times of transfer
reaches the threshold, the radio base station 2 also ex-
ecutes processing for changing the radio base station
that provides the cellular network managing function. On
the other hand, if the number of times of transfer is smaller
than the threshold, the radio base station 2 does not per-
form the processing for changing the radio base station
that provides the cellular network managing function.
[0031] Referring back to the sequence shown in FIG.
5, when the radio base station 2B receives the handover
request message transmitted at step S11, the radio base
station 2B compares the number of times of transfer re-
corded in the handover request message and the stored
maximum number of hops (the threshold). The radio base
station 2B confirms that the number of times of transfer
is smaller than the threshold and determines not to
change the radio base station that provides the cellular
network managing function. The radio base station 2B
sets a path for transfer between the radio base station
2B and the radio base station 2A at the handover source
and transmits a handover response message to the radio
base station 2A (step S12).
[0032] The radio base station 2A that receives the
handover response message transmits a handover in-
struction message to the radio mobile station 3 and in-
structs handover to the radio base station 2B (step S13).
When the radio mobile station 3 receives the handover
instruction message, the radio mobile station 3 switches
the connection destination from the radio base station
2A to the radio base station 2B according to instruction
contents of the handover instruction message and then
transmits a handover completion message to the radio
base station 2B (step S14).
[0033] According to the control procedure explained
above, the handover from the radio base station 2A to
the radio base station 2B (handover not involving a
change of the radio base station that provides the cellular
network managing function) is completed. Thereafter,
the radio mobile station 3 performs communication
(transmission and reception of data) with the gateway 1
through the radio base station 2B. At this point, as shown
in FIG. 1, track transmitted and received between the
radio mobile station 3 and the gateway 1 passes through
the radio base station 2A as well. In other words, the
communication is performed through a communication
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path (a data transfer path) of the radio mobile station 3,
the radio base station 2B, the radio base station 2A, and
the gateway 1.
[0034] In the operations explained above, when the
radio mobile station 3 measures communication quality,
the radio mobile station 3 always performs notification of
a result of the measurement to the radio base station 2.
However, it is not always necessary to transmit the meas-
urement result of the communication quality to a radio
base station connected to the radio mobile station 3. For
example, the radio mobile station 3 can notify the meas-
urement result when the radio mobile station 3 deter-
mines that the communication quality is deteriorated to
some degree (to quality equal to or lower than predeter-
mined quality) or can notify the measurement result when
the radio mobile station 3 is requested from a radio base
station. Alternatively, the radio mobile station 3 can notify
the measurement result in one of the cases (when the
communication quality is equal to or lower than the pre-
determined quality or the radio mobile station 3 is re-
quested from a radio base station). The radio mobile sta-
tion 3 can change a notification frequency (notification
timing) according to the communication quality and notify
the measurement result at a long cycle in the case of
high quality and, on the other hand, notify the measure-
ment result at a short cycle in the case of low quality.
Further, if moving speed can be detected, the radio mo-
bile station 3 can changes the notification frequency tak-
ing into account the moving speed. In this way, when it
is estimated that the communication quality is satisfac-
tory and necessity of handover is low or when the radio
mobile station 3 is not moving (or moving at low speed),
it is possible to reduce traffic between the radio mobile
station 3 and the radio base station 2 by reducing the
notification frequency of the quality measurement result.

(Second control procedure)

[0035] FIG. 6 is a diagram of a sequence in which the
radio mobile station 3 executes handover and switches
a connection destination from the radio base station 2B
to the radio base station 2C. Unlike the first control pro-
cedure, this sequence indicates handover involving a
change of the radio base station that provides the cellular
network managing function (the radio base station at the
anchor point), i.e., a second control procedure. As in FIG.
5, in FIG. 6, transmission reception operations for data
are not shown.
[0036] In a state in which the connection destination
is switched from the radio base station 2A and the radio
base station 2B and the radio mobile station 3 is con-
nected to the radio base station 2B, as shown in FIG. 6,
the radio mobile station 3 also transmits a quality meas-
urement result message to the radio base station 2A that
is providing the cellular network managing function. Spe-
cifically, first, the quality measurement result message
is transmitted from the radio mobile station 3 to the radio
base station 2B (step S20) and further transferred from

the radio base station 2B to the radio base station 2A
(step S21). In FIG. 6, for convenience of explanation,
only one of quality measurement result messages trans-
mitted periodically or non-periodically is shown.
[0037] When the radio base station 2A, which is the
destination of the quality measurement result message,
receives the quality measurement result message, the
radio base station 2A checks contents of the quality
measurement result message. As a result, when the ra-
dio base station 2A determines that communication qual-
ity is deteriorated and determines handover for switching
the connection destination from the radio base station
2B to the radio base station 2C is necessary, the radio
base station 2A transmits a handover request message
to the radio base station 2C at a handover destination
(steps S22 and S23). This message reaches the radio
base station 2C through the radio base station 2B. At this
point, the radio base stations 2 that relay the handover
request message perform transfer after recording the
number of times of message transfer in the handover
request message. Consequently, the radio base station
2C at a destination of the handover request message
can learn how many times the handover request mes-
sage is transferred to reach the radio base station 2C. In
this example, the radio base station 2C at the handover
destination detects that the handover request message
is transferred twice.
[0038] The radio base station 2C compares the detect-
ed number of times of transfer and a maximum number
of hops determined in advance (a threshold same as that
explained in the first control procedure). It is assumed
that the radio base station 2C confirms that the condition
of the number of times of transfer < the threshold is not
satisfied (the number of times of transfer ≥ the threshold).
In other words, the radio base station 2C determines to
change the radio base station that provides the cellular
network managing function. The radio base station 2C
returns a handover response message to the radio base
station 2A (steps S24 and S25). This message reaches
the radio base station 2A through the radio base station
2B.
[0039] The radio base station 2A that receives the
handover response message transmits a handover in-
struction message to the radio mobile station 3 and in-
structs handover to the radio base station 2C (steps S26
and S27). This message reaches the radio mobile station
3 through the radio base station 2B. When the radio mo-
bile station 3 receives the handover instruction message,
the radio mobile station 3 switches the connection des-
tination from the radio base station 2B to the radio base
station 2C according to instruction contents of the hando-
ver instruction message and then transmits a handover
completion message to the radio base station 2C (step
S28).
[0040] The radio base station 2C that receives the
handover completion message transmits a path reset re-
quest message to the gateway 1 to reset a path for trans-
ferring data of the radio mobile station 3 between the
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radio base station 2C and the gateway 1 (steps S29 and
S30). This message reaches the gateway 1 through the
radio base station 2D.
[0041] In the gateway 1 that receives the path reset
request message, the path control unit 14 performs reset
processing for a data transfer path of the radio mobile
station 3. When the setting is completed, the control-mes-
sage processing unit 13 generates a path reset response
message including information concerning the reset data
transfer path and returns the path reset response mes-
sage to the radio base station 2C through the wireless
I/F unit 12 (steps S31 and S32). This message reaches
the radio base station 2C through the radio base station
2D.
[0042] The radio base station 2C that receives the path
reset response message transmits a resource release
request message to the radio base station 2A to release
a data transfer path between the radio base station 2A
that has been providing the radio mobile station 3 with
the cellular network managing function and the radio
base station 2B to which the radio mobile station 3 is
connected before the handover (to release a path not
included in the data transfer path after the reset among
paths included in the data transfer path before the reset)
(steps S33 and S34). This message reaches the radio
base station 2A through the radio base station 2B.
[0043] In the radio base station 2A that receives the
resource release request message, the resource control
unit 24 releases resources concerning the radio mobile
station 3 and the control-message processing unit 22
generates a resource release request message for re-
questing release of the data transfer path and transmits,
through the wireless I/F unit 21, the resource release
request message to the radio base station 2B to which
the radio mobile station 3 is connected before the hando-
ver (step S35).
[0044] The radio base station 2B that receives the re-
source release request message releases the resources
concerning the radio mobile station 3.
[0045] According to the control procedure, the hando-
ver from the radio base station 2B to the radio base station
2C and the switching processing for the data transfer
path involved in the handover (handover involving a
change of the radio base station that provides the cellular
network managing function) are completed. Thereafter,
the radio mobile station 3 communicates with the gate-
way 1 through the radio base station 2C. A communica-
tion path between the radio mobile station 3 and the gate-
way 1 in this state is a communication path of the radio
mobile station 3, the radio base station 2C, the radio base
station 2D, and the gateway 1 as shown in FIG. 1.
[0046] As explained above, in the multi-hop cellular
radio system according to this embodiment, the radio
base stations have the cellular network managing func-
tion. When the radio mobile station executes handover,
a radio base station at a handover destination deter-
mines, based on the number of times of transfer (the
number of hops) on a data transfer path from a radio

base station that is providing the radio mobile station,
which executes the handover, with the cellular network
managing function to the own station, whether to change
the radio base station that provides the radio mobile sta-
tion with the cellular network managing function. Conse-
quently, it is possible to suppress an execution frequency
of path reset between the radio base station and the gate-
way. It is possible to reduce a processing time in switch-
ing a radio base station at a connection destination and
reduce the number of control messages. As a result, it
is possible to improve efficiency of a switching opportu-
nity for the cellular network managing function and pre-
vent radio resources from being consumed more than
necessary.
[0047] In the above explanation, the radio base sta-
tions 2 transfer a message after recording the number of
times of transfer of the message in the handover request
message. The radio base station 2 at the handover des-
tination compares the number of times of transfer record-
ed in the received handover request message and the
threshold to thereby determine whether to switch the ra-
dio base station that provides the cellular network man-
aging function. However, the radio base station 2 can
perform the determination according to a method differ-
ent from this.
[0048] For example, each of the radio base stations 2
recognizes in advance the radio base station 2 that pro-
vides the radio mobile station 3 connected to the own
apparatus with the cellular network managing function.
When the radio mobile station 3 that moves to under the
own station (a communication area of the own station)
is provided with the cellular network managing function
from the radio base station 2 different from the one rec-
ognized in advance (the one determined in advance), the
radio base station 2 switches the radio base station that
provides the cellular network managing function.
[0049] A more specific example is explained. It is as-
sumed that the radio base station 2B grasps that a radio
base station that provides the radio mobile station 3 con-
nected to the own apparatus (the radio base station 2B)
with the cellular network managing function) is the radio
base station 2A. It is also assumed that the radio base
station 2C grasps that a radio base station that provides
the radio mobile station 3 connected to the own apparatus
(the radio base station 2C) with the cellular network man-
aging function is the radio base station 2C (the own ap-
paratus). Under such conditions, when the radio mobile
station 3 provided with the cellular network managing
function from the radio base station 2A moves to under
the radio base station 2B, the radio base station 2B does
not change the radio base station that provides the cel-
lular network managing function (performs handover
processing in the same control procedure as the se-
quence shown in FIG. 5). Thereafter, when the radio mo-
bile station 3 under the radio base station 2B moves to
under the radio base station 2C, because the radio base
station 2A provides the radio mobile station 3 moving to
under the radio base station 2C with the cellular network

11 12 



EP 2 434 805 A1

8

5

10

15

20

25

30

35

40

45

50

55

managing function and is not a radio base station deter-
mined in advance, the radio base station 2C changes the
radio base station that provides the cellular network man-
aging function (performs handover processing in the con-
trol procedure same as the sequence shown in FIG. 6).
[0050] When it is determined according to such a pro-
cedure whether to switch the radio base station that pro-
vides the cellular network managing function, it is possi-
ble to improve efficiency of a switching opportunity for
the cellular network managing function and prevent radio
resources from being consumed more than necessary.

Second Embodiment.

[0051] A communication control method according to
a second embodiment is explained. In the first embodi-
ment, the control operation performed when the single
(fixed) gateway communicates with the core network is
explained. In the second embodiment, an example of an
operation performed when a plurality of gateways are
present and the gateways are also switched when a data
transfer path is switched according to handover is ex-
plained.
[0052] FIG. 7 is a diagram of an example of a multi-
hop cellular network to which the communication control
method according to the second embodiment is applied.
This system includes gateways 1X and 1Y, the radio base
stations 2 (2A, 2B, 2C, and 2D), and the radio mobile
station 3. These components have internal configura-
tions same as those of the components explained in the
first embodiment. The configuration of the gateways 1X
and 1Y is the configuration shown in FIG. 2. The config-
uration of the radio base stations 2A to 2D is the config-
uration shown in FIG. 3. The configuration of the radio
mobile station 3 is the configuration shown in FIG. 4.
However, a control operation performed when the radio
mobile station 3 performs handover is partially different
from the control operation explained in the first embodi-
ment (see FIGS. 5 and 6).
[0053] In FIG. 7, as in FIG. 1 used in the explanation
of the first embodiment, examples of a moving path of
the radio mobile station 3, a connection relation with a
radio base station on the moving path (a radio base sta-
tion with which the radio mobile station 3 directly com-
municates), and a connection relation (a data transfer
path) from the radio base station with which the radio
mobile station 3 directly communicates to a core network
are also shown. Specifically, a situation in which the radio
mobile station 3 starts movement from a state in which
the radio mobile station 3 is connected to the radio base
station 2B and switches a connection destination to the
radio base station 2C and an example of a data transfer
path at that point are shown. The data transfer path is
indicated by a bidirectional arrow of a dotted line. A radio
base station located at the start point (the end point) of
this arrow provides a radio mobile station that communi-
cates with the core network using the path with the cel-
lular network managing function.

[0054] In this embodiment, a control procedure per-
formed when a state in which the radio mobile station 3
makes a connection to the radio base station 2B, a data
transfer path between the radio mobile station 3 and the
core network is set through the radio base station 2A and
the gateway 1X, and the radio mobile station 3 is provided
with the cellular network managing function from the ra-
dio base station 2A is set as an initial state and the radio
mobile station 3 moves from this initial state and switches
(hands over) the connection destination to the radio base
station 2C is explained. In the explanation, a base station
at a provision source of the cellular network managing
function is changed and a gateway at a connection point
to the core network is also changed.
[0055] The communication control method according
to this embodiment is explained below based on FIG. 8.
FIG. 8 is a diagram of an example of the communication
control method according to the second embodiment.
Specifically, FIG. 8 is a diagram of a sequence in which,
in the multi-hop cellular network shown in FIG. 7, the
radio mobile station 3 executes handover and switches
the connection destination from the radio base station
2B (the initial state) to the radio base station 2C.
[0056] In the initial state, as shown in FIG. 8, the radio
mobile station 3 transmits a quality measurement result
message to the radio base station 2A that is providing
the cellular network managing function (steps S40 and
S41). This message reaches the radio base station 2A
through the radio base station 2B. As in FIGS. 5 and 6
in which the control procedure in the first embodiment is
shown, in FIG. 8, only one of quality measurement result
messages transmitted periodically or non-periodically is
shown.
[0057] When the radio base station 2A, which is a des-
tination of the quality result message, receives the quality
measurement result message, the radio base station 2A
checks contents of the quality measurement result mes-
sage. As a result, when the radio base station 2A deter-
mines that the communication quality is deteriorated and
determines that handover for switching the connection
destination is necessary, the radio base station 2A trans-
mits a handover request message to the radio base sta-
tion 2C at a handover destination (steps S42 and S43).
This message reaches the radio base station 2C through
the radio base station 2B. At this point, the radio base
stations 2 that relay the handover request message per-
form transfer after recording the number of times of mes-
sage transfer in a handover request message. Conse-
quently, the radio base station 2C at a destination of the
handover request message can learn how many times
the handover request message is transferred to reach
the radio base station 2C. In this example, the radio base
station 2C at the handover destination detects that the
handover request message is transferred twice.
[0058] The radio base station 2C compares the detect-
ed number of times of transfer and a maximum number
of hops determined in advance (a threshold same as the
threshold explained in the first embodiment). The radio
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base station 2C confirms that the condition of the number
of times of transfer < the threshold is not satisfied (the
number of times of transfer ≥ the threshold) and deter-
mines to change the radio base station that provides the
cellular network managing function. The radio base sta-
tion 2C returns a handover response message (steps
S44 and S45). This message reaches the radio base
station 2A through the radio base station 2B.
[0059] The radio base station 2A that receives the
handover response message transmits a handover in-
struction message to the radio mobile station 3 and in-
structs handover to the radio base station 2C (steps S46
and S47). This message reaches the radio mobile station
3 through the radio base station 2B. When the radio mo-
bile station 3 receives the handover instruction message,
the radio mobile station 3 switches the connection des-
tination from the radio base station 2B to the radio base
station 2C according to instruction contents of the hando-
ver instruction message and then transmits a handover
completion message to the radio base station 2C (step
S48). The processing at steps S40 to S48 is the same
as the processing at steps S20 to S28 explained in the
first embodiment.
[0060] Each of the radio base stations 2 determines in
advance and grasps a gate way used (communicated)
in providing the radio mobile station 3 with the cellular
network managing function. The radio base station 2C
is associated with the gateway 1Y (determined to use
the gateway 1Y).
[0061] Therefore, the radio base station 2C that re-
ceives the handover completion message from the radio
mobile station 3 at step S48 transmits a path reset re-
quest message to the gateway Y1 associated with the
radio base station 2C to reset a path (a data transfer
path) in the multi-hop cellular network (steps S49 and
S50). This message reaches the gateway 1Y through the
radio base station 2D.
[0062] The gateway 1Y that receives the path reset
request message sets a data transfer path of the radio
mobile station 3 and transmits a path reset request mes-
sage for gateway switching to the gateway 1X in which
a data transfer path with the radio mobile station 3 has
been set (step S51). When the gateway 1X receives the
path reset request message from the gateway 1Y, the
gateway 1X releases resources concerning the radio mo-
bile station 3 and returns a path reset response message
(step S52).
[0063] When the gateway 1Y receives the path reset
response message from the gateway 1X, the gateway
1Y returns a path reset response message, which is a
response to the path reset request received at step S50,
to the radio base station 2C (steps S53 and S54). This
message reaches the radio base station 2C through the
radio base station 2D. Information concerning the reset
data transfer path is included in this message.
[0064] The radio base station 2C that receives the path
reset response message transmits a resource release
request message to the radio base station 2A to release

a data transfer path between the radio mobile station 3
and the core network used before the reset (steps S55
and S56). This message reaches the radio base station
2A through the radio base station 2B.
[0065] The radio base station 2A that receives the re-
source release request message releases the resources
concerning the radio mobile station 3 and transmits a
resource release request message to the radio base sta-
tion 2B (step S57).
[0066] The radio base station 2B that receives the re-
source release request message releases the resources
concerning the radio mobile station 3. The processing at
steps S53 to S57 is the same as the processing at steps
S31 to S35 explained in the first embodiment.
[0067] According to the control procedure explained
above, the handover from the radio base station 2B to
the radio base station 2C and the switching processing
for the data transfer path involved in the handover
(handover involving a change of the radio base station
that provides the cellular network managing function and
a change of a gateway) are completed. Thereafter, the
radio mobile station 3 performs communication through
the radio base station 2C and the gateway 1Y associated
with the radio base station 2C. A communication path
between the radio mobile station 3 and the core network
in this state is a communication path of the radio mobile
station 3, the radio base station 2C, the radio base station
2D, and the gateway 1Y as shown in FIG. 7.
[0068] In the above explanation, the radio base sta-
tions 2 transfer a message after recording the number of
times of transfer of the message in the handover request
message. The radio base station 2 at the handover des-
tination determines based on the number of times of
transfer whether to switch the radio base station that pro-
vides the cellular network managing function. However,
it is also possible to use the method explained in the last
part of the first embodiment. Specifically, each of the ra-
dio base stations 2 recognizes in advance the radio base
station 2 that provides the radio mobile station 3 connect-
ed to the own apparatus with the cellular network man-
aging function. When the radio mobile station 3 that
moves to under the own station is provided with the cel-
lular network managing function from the radio base sta-
tion 2 different from the one recognized in advance, the
radio base station 2 switches the radio base station that
provides the cellular network managing function.
[0069] As explained above, in the multi-hop cellular
radio system according to this embodiment, each of the
radio base stations has the cellular network managing
function and grasps in advance a gateway used when
the radio base station provides the radio mobile station
3 with the cellular network managing function. When the
radio mobile station executes handover, the radio base
station at the handover destination determines, based
on the number of times of transfer (the number of hops)
on a data transfer path from a radio base station that is
providing the radio mobile station, which executes the
handover, with the cellular network managing function to
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the own station, whether to change the radio base station
that provides the radio mobile station with the cellular
network managing function. When the radio base station
takes over an operation for providing the cellular network
managing function, the radio base station requests a
gateway associated with the radio base station itself (a
gateway used when the radio base station provides the
cellular network managing function) among the gateways
present in the system. Consequently, even in the system
in which the gateways connected to the core network are
present, it is possible to improve efficiency of a switching
opportunity for the cellular network managing function
and prevent radio resources from being consumed more
than necessary.

Third Embodiment.

[0070] A communication control method according to
a third embodiment is explained. In this embodiment, as
in the first embodiment, an operation performed when a
switching operation for a gateway is not performed when
a data transfer path is switched is explained.
[0071] FIG. 9 is a diagram of an example of a multi-
hop cellular network to which the communication control
method according to the third embodiment is applied.
This system includes the gateway 1, the radio base sta-
tions 2 (2A, 2B, 2C, and 2D), and the radio mobile station
3. These components have internal configurations same
as those of the components explained in the first embod-
iment. However, a control operation performed when the
radio mobile station 3 performs handover is partially dif-
ferent from the control operation explained in the first
embodiment (see FIGS. 5 and 6).
[0072] In FIG. 9, as in FIG. 1 and the like used in the
explanation of the first embodiment, examples of a mov-
ing path of the radio mobile station 3, a connection rela-
tion with a radio base station on the moving path (a radio
base station with which the radio mobile station 3 directly
communicates), and a connection relation (a data trans-
fer path) from the radio base station with which the radio
mobile station 3 directly communicates to a core network
(the gateway 1) are also shown. Specifically, a situation
in which the radio mobile station 3 starts movement from
a state in which the radio mobile station 3 is connected
to the radio base station 2C and switches a connection
destination to the radio base station 2B and an example
of a data transfer path at that point are shown. The data
transfer path is indicated by a bidirectional arrow of a
dotted line. A radio base station located at the start point
(the end point) of this arrow provides a radio mobile sta-
tion that communicates with the core network using the
path with a cellular network managing function.
[0073] In this embodiment, a control procedure per-
formed when a state in which the radio mobile station 3
makes a connection to the radio base station 2C, a data
transfer path between the radio mobile station 3 and the
core network is set through the radio base stations 2B
and 2A and the gateway 1, and the radio mobile station

3 is provided with the cellular network managing function
from the radio base station 2C is set as an initial state
and the radio mobile station 3 moves from this initial state
and switches (hands over) the connection destination to
the radio base station 2B is explained. In this embodi-
ment, a control procedure performed when an overlap-
ping state of a data transfer path is checked and it is
determined based on a result of the check whether to
change a radio base station that provides the cellular
network managing function is explained.
[0074] The communication control method according
to this embodiment is explained below based on FIG. 10.
FIG. 10 is a diagram of an example of a communication
control procedure according to the third embodiment.
Specifically, FIG. 10 is a diagram of a sequence in which,
in the multi-hop cellular network shown in FIG. 9, the
radio mobile station 3 executes handover and switches
the connection destination from the radio base station
2C (the initial state) to the radio base station 2B.
[0075] In the initial state, as shown in FIG. 10, the radio
mobile station 3 transmits a quality measurement result
message to the radio base station 2C that is providing
the cellular network managing function (step S60). As in
FIGS. 5 and 6 and the like in which the control procedure
in the first embodiment is shown, in FIG. 10, only one of
quality measurement result messages transmitted peri-
odically or non-periodically is shown.
[0076] When the radio base station 2C, which is a des-
tination of the quality result message, receives the quality
measurement result message, the radio base station 2C
checks contents of the quality measurement result mes-
sage. As a result, when the radio base station 2C deter-
mines that the communication quality is deteriorated and
determines that handover for switching the connection
destination is necessary, the radio base station 2C trans-
mits a handover request message to the radio base sta-
tion 2B at a handover destination (step S61). The radio
base station 2B that receives the handover request mes-
sage returns a handover response message to the radio
base station 2C (step S62). At this point, the radio base
station 2B checks a data transfer path after the handover
is ended and checks whether an overlapping section is
included in the path. As a result of the check operation,
when the radio base station 2B detects that an overlap-
ping path is present, to remove the overlapping section,
the radio base station 2B determines to change the radio
base station that provides the cellular network managing
function. If the radio base station 2B does not detect that
an overlapping path is present, the operation of the radio
base station 2B ends here (processing at step S62). In
the example shown in FIG. 9, the radio base station 2B
detects that an overlapping section is present. Specifi-
cally, a data transfer path immediately after the radio mo-
bile station 3 performs handover is a transfer path of the
gateway 1, the radio base station 2A, the radio base sta-
tion 2B, the radio base station 2C, the radio base station
2B, and the radio mobile station 3. A path between the
radio mobile station 2B and the radio mobile station 2C

17 18 



EP 2 434 805 A1

11

5

10

15

20

25

30

35

40

45

50

55

overlaps the data transfer path before the handover.
Therefore, in this example, the radio base station 2B de-
termines to change the radio base station that provides
the cellular network managing function.
[0077] The radio base station 2C that receives the
handover response message transmits a handover in-
struction message to the radio mobile station 3 and in-
structs handover to the radio base station 2B (step S63).
When the radio mobile station 3 receives the handover
instruction message, the radio mobile station 3 switches
the connection destination from the radio base station
2C to the radio base station 2B according to contents of
the instruction and then transmits a handover completion
message to the radio base station 2B (step S64).
[0078] The radio base station 2B that receives the
handover completion message transmits a path reset re-
quest message to the gateway 1 to reset a path for trans-
ferring data of the radio mobile station 3 between the
radio base station 2B and the gateway 1 (steps S65 and
S66). This message reaches the gateway 1 through the
radio base station 2A.
[0079] The gateway 1 that receives the path reset re-
quest message performs reset of the data transfer path.
When the setting is completed, the gateway 1 returns a
path reset response message including information con-
cerning the reset data transfer path to the radio base
station 2B (steps S67 and S68). This message reaches
the radio base station 2B through the radio base station
2A.
[0080] The radio base station 2B that receives the path
reset response message transmits a resource release
request message to the radio base station 2C to release
a data transfer path between the radio mobile station 3
and the radio base station 2B that has been providing
the radio mobile station 3 with the cellular network man-
aging function (to release a path not included in the data
transfer path after the reset among paths included in the
data transfer path before the reset) (step S69). The radio
base station 2C that receives the resource release re-
quest message releases resources concerning the radio
mobile station 3.
[0081] According to the control procedure explained
above, the handover from the radio base station 2C to
the radio base station 2B and the switching processing
for the data transfer path involved in the handover
(handover involving a change of the radio base station
that provides the cellular network managing function) are
completed and the overlapping path is deleted.
[0082] As explained above, in the multi-hop cellular
radio system according to this embodiment, each of the
radio base stations has the cellular network managing
function. When the radio base station executes hando-
ver, a radio base station at a handover destination checks
whether an overlapping section is present in a data trans-
fer path before and after the execution of the handover.
When an overlapping section is present, the radio base
station changes a radio base station that provides the
cellular network managing function and deletes the over-

lapping section of the data transfer path. Consequently,
it is possible to prevent radio resources from being con-
sumed more than necessary. It is possible to suppress
a transmission delay.
[0083] In this embodiment, to simplify the explanation,
the radio base station at the handover destination checks
whether an overlapping portion is present in the data
transfer path before and after the execution of the hando-
ver and determines whether to change the radio base
station that provides the cellular network managing func-
tion. However, the radio base station can also execute
the determination operation based on the number of
times of transfer explained in the first embodiment. In
other words, when the number of times of transfer reach-
es a predetermined threshold or when an overlapping
section is present in the data transfer path, the radio base
station that provides the cellular network managing func-
tion can be changed. The control operation explained in
this embodiment can also be applied to the reset opera-
tion for the data transfer path involving a change of a
gateway explained in the second embodiment.

Fourth Embodiment.

[0084] A communication control method according to
a fourth embodiment is explained. In this embodiment,
as in the first embodiment and the like, an operation per-
formed when a switching operation for a gateway is not
performed when a data transfer path is switched is ex-
plained. The configuration of a multi-hop cellular network
according to this embodiment and internal configurations
of components are the same as those in the first embod-
iment (see FIGS. 1 to 4).
[0085] The radio base station 2 according to this em-
bodiment manages, concerning the radio mobile station
3 (in some case, a plurality of radio mobile stations 3) to
which the radio base station 2 is providing a cellular net-
work managing function, communication states (in com-
munication or in non-communication) of the radio mobile
station(s) 3 and, when the radio mobile station 3 moves
and a radio base station at a connection destination is
switched, executes a communication control operation
corresponding to the managed communication states.
The communication states of the radio mobile stations 3
are managed by, for example, a path control unit 23 (see
FIG. 3). It goes without saying that a component (includ-
ing one not shown in the figure) other than the path control
unit 23 can control the communication states. "In com-
munication" used in this embodiment and the next fifth
embodiment indicates a state in which transmission and
reception of data is performed between the radio mobile
station 3 and a core network.
[0086] In this embodiment, a control procedure per-
formed when a state in which the radio mobile station 3
makes a connection to the radio base station 2A, com-
municates with the core network through the gateway 1,
and is provided with the cellular network managing func-
tion from the radio base station 2A is set as an initial state
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(see FIG. 1) and the radio mobile station 3 moves from
this initial state and switches the connection destination
to the radio base station 2B is explained. In the following
explanation, it is assumed that the radio mobile station
3 moves from under the radio base station 2A to under
the radio base station 2B while the radio mobile station
3 is in non-communication.
[0087] A control procedure performed when the radio
mobile station 3 in non-communication switches a con-
nection destination, i.e., a control procedure performed
when the radio mobile station 3 in the initial state moves
from under the radio base station 2A to under the radio
base station 2B when the radio base station 2A stores
connection state management information shown in FIG.
11 is explained with reference to FIG. 12. FIG. 11 is a
diagram of an example of connection state management
information (information concerning a communication
state of the radio mobile station that is providing the cel-
lular network managing function) managed by the radio
base station 2A. FIG. 12 is a diagram of a sequence in
which the radio mobile station 3 in non-communication
moves from under the radio base station 2A to under the
radio base station 2B and switches a connection desti-
nation.
[0088] In the initial state, as shown in FIG. 12, the radio
mobile station 3 transmits a quality measurement result
message to the radio base station 2A that is providing
the cellular network managing function (step S70). As in
FIGS. 5 and 6 in which the control procedure in the first
embodiment is shown, in FIG. 12, only one of quality
measurement result messages transmitted periodically
or non-periodically is shown.
[0089] When the radio base station 2A receives the
quality measurement result message, the radio base sta-
tion 2A checks contents of the quality measurement re-
sult message. As a result, when the radio base station
2A determines that communication quality is deteriorated
and determines that handover for switching the connec-
tion destination from the own station to another radio
base station 2 is necessary, the radio base station 2A
transmits a handover request message to the radio base
station 2B at a handover destination (step S71). When
the radio base station 2A generates the handover request
message, the radio base station 2A includes connection
state management information (information indicating a
communication state) concerning the radio mobile sta-
tion 3 to be controlled (the radio mobile station 3 that
performs handover) in the handover request message.
In this embodiment, as in the embodiments explained
above, the radio base stations 2 that relay the handover
request message perform transfer after recording the
number of times of message transfer in the handover
request message. Consequently, the radio base station
2B at a destination of the handover request message can
learn how many times the handover request message is
transferred to reach the radio base station 2B. In this
example, the radio base station 2B at the handover des-
tination detects that the handover request message is

transferred once. The radio base station 2B confirms that
the radio mobile station 3 to be controlled is in non-com-
munication (waiting).
[0090] Each of the radio base stations 2 according to
this embodiment stores, for each connection state, a plu-
rality of (two) largest numbers of hops (thresholds) be-
tween the radio base station 2 that provides the radio
mobile station 3 connected to the own apparatus with the
cellular network managing function and the own appara-
tus. When each of the radio base stations 2 functions as
a radio base station at the handover destination and ex-
ecutes handover processing, the radio base station 2
compares the number of times of transfer of the handover
request message and a threshold (the maximum number
of hops) corresponding to a connection state of the radio
mobile station 3 to be controlled. Specifically, if the con-
nection state of the radio mobile station 3 is a non-com-
munication state, the radio base station 2 compares the
number of times of transfer and a threshold used during
the non-communication state. On the other hand, if the
connection state of the radio mobile station 3 is a com-
munication state, the radio base station 2 compares the
number of times of transfer and a threshold used during
the communication state. When the number of times of
transfer reaches the threshold, the radio base station 2
also executes processing for changing the radio base
station that provides the cellular network managing func-
tion. On the other hand, when the number of times of
transfer is smaller than the threshold, the radio base sta-
tion 2 does not perform the processing for changing the
radio base station that provides the cellular network man-
aging function.
[0091] The threshold corresponding to the communi-
cation state is used in this way. Therefore, for example,
in handover in the communication state, it is possible to
make the processing for changing the radio base station
that provides the cellular network managing function less
easily performed and secure real-time properties of com-
munication. In handover in the non-communication state,
it is possible to make the changing processing easily per-
formed and efficiently suppress a consumption amount
of radio resources.
[0092] Referring back to the sequence shown in FIG.
12, when the radio base station 2B receives the handover
request message transmitted at step S71, the radio base
station 2B checks the connection state management in-
formation, grasps a communication state of the radio mo-
bile station 3 to be controlled, and compares a maximum
number of hops (a threshold) corresponding to the com-
munication state and the number of times of transfer re-
corded in the received handover request message. For
convenience of explanation, it is assumed that the con-
dition of the number of times of transfer < the threshold
is not satisfied. In the case of the number of times of
transfer > the threshold, the radio base station 2B deter-
mines to change the radio base station that provides the
cellular network managing function. The radio base sta-
tion 2B returns a handover response message to the ra-
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dio base station 2A (step S72).
[0093] The radio base station 2A that receives the
handover response message transmits a handover in-
struction message to the radio mobile station 3 and in-
structs handover to the radio base station 2B (step S73).
When the radio mobile station 3 receives the handover
instruction message, the radio mobile station 3 switches
the connection destination from the radio base station
2A to the radio base station 2B according to instruction
contents of the handover instruction message and then
transmits a handover completion message to the radio
base station 2B (step S74).
[0094] The radio base station 2B that receives the
handover completion message transmits a path reset re-
quest message to the gateway 1 to reset a path for trans-
ferring data of the radio mobile station 3 between the
radio base station 2B and the gateway 1 (steps S75 and
S76). This message reaches the gateway 1 through the
radio base station 2A.
[0095] The gateway 1 that receives the path reset re-
quest message performs reset processing for a data
transfer path. When the setting is completed, the gateway
1 returns a path reset response message including infor-
mation concerning the reset data transfer path to the ra-
dio base station 2B (steps S77 and S78). This message
reaches the radio base station 2B through the radio base
station 2A.
[0096] The radio base station 2B that receives the path
reset response message transmits a resource release
request message to the radio base station 2A to release
resources of the radio base station 2A that has been pro-
viding the radio mobile station 3 with the cellular network
managing function (step S79). The radio base station 2A
that receives the resource release request message re-
leases resources concerning the radio mobile station 3.
[0097] According to the control procedure explained
above, the handover from the radio base station 2A to
the radio base station 2B and the switching processing
for the data transfer path involved in the handover
(handover involving a change of the radio base station
that provides the cellular network managing function) are
completed. Thereafter, the radio mobile station 3 com-
municates with the gateway 1 through the radio base
station 2B. A communication path between the radio mo-
bile station 3 and the gateway 1 in this state is a commu-
nication path of the radio mobile station 3, the radio base
station 2B, the radio base station 2A, and the gateway 1.
[0098] As explained above, in the multi-hop cellular
radio system according to this embodiment, when the
radio mobile station moves to under the each of the radio
base stations, the radio base station determines, taking
into account a communication state of the radio mobile
station, whether to change the radio base station that
provides the cellular network managing function. Conse-
quently, for example, when the radio mobile station is in
communication, it is possible to perform flexible control
corresponding to the communication state of the radio
mobile station, for example, to make it less easy to exe-

cute processing for changing the radio base station that
provides the cellular network managing function and
make the communication less easily interrupted.

Fifth Embodiment.

[0099] A communication control method according to
a fifth embodiment is explained. In this embodiment, a
modification of the fourth embodiment explained above,
i.e., a modification of the control procedure performed
taking into account a communication state of a radio mo-
bile station, a connection destination of which is switched,
is explained. The configuration of a multi-hop cellular net-
work according to this embodiment and internal config-
urations of components are the same as those in the first
embodiment (see FIGS. 1 to 4).
[0100] In this embodiment, a control procedure per-
formed when a state in which the radio mobile station 3
makes a connection to the radio base station 2A, com-
municates with a core network through the gateway 1,
and is provided with a cellular network managing function
from the radio base station 2A is set as an initial state
(see FIG. 1) and the radio mobile station 3 moves from
this state and switches the connection destination to the
radio base station 2C is explained. In the following ex-
planation, it is assumed that the radio mobile station 3
moves from under the radio base station 2B to under the
radio base station 2C while the radio mobile station 3 is
in communication.
[0101] A control procedure performed when the radio
mobile station 3 in communication switches a connection
destination, i.e., a control procedure performed when the
radio mobile station 3 in the initial state moves from under
the radio base station 2B to under the radio base station
2C when the radio base station 2A stores connection
state management information shown in FIG. 13 is ex-
plained with reference to FIG. 14. FIG. 13 is a diagram
of an example of connection state management informa-
tion (information concerning a communication state of
the radio mobile station that is providing the cellular net-
work managing function) managed by the radio base sta-
tion 2A. FIG. 14 is a diagram of a sequence in which the
radio mobile station 3 in communication moves from un-
der the radio base station 2B to under the radio base
station 2C and switches a connection destination.
[0102] In the initial state, as shown in FIG. 14, the radio
mobile station 3 transmits a quality measurement result
message to the radio base station 2A that is providing
the cellular network managing function (steps S80 and
S81). This message reaches the radio base station 2A
through the radio base station 2B. As in FIGS. 5 and 6
in which the control procedure in the first embodiment is
shown, in FIG. 14, only one of quality measurement result
messages transmitted periodically or non-periodically is
shown.
[0103] When the radio base station 2A receives the
quality measurement result message, the radio base sta-
tion 2A checks contents of the quality measurement re-
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sult message. As a result, when the radio base station
2A determines that communication quality is deteriorated
and determines that handover for switching the connec-
tion destination is necessary, the radio base station 2A
transmits a handover request message to the radio base
station 2C at a handover destination (steps S82 and S83).
This message reaches the radio base station 2C through
the radio base station 2B. When the radio base station
2A generates the handover request message, the radio
base station 2A includes connection state management
information (information indicating a communication
state) concerning the radio mobile station 3 to be con-
trolled (the radio mobile station 3 that performs handover)
in the handover request message. In this embodiment,
as in the embodiments explained above, the radio base
stations 2 that relay the handover request message per-
form transfer after recording the number of times of mes-
sage transfer in the handover request message. Conse-
quently, the radio base station 2C at a destination of the
handover request message can learn how many times
the handover request message is transferred to reach
the radio base station 2C. In this example, the radio base
station 2C at the handover destination detects that the
handover request message is transferred twice. The ra-
dio base station 2C confirms that the radio mobile station
3 to be controlled is in communication.
[0104] Like the radio base stations 2 explained in the
first embodiment and the like, each of the radio base
stations 2 according to this embodiment stores a largest
number of hops (a threshold) between the radio base
station 2 that provides the radio mobile station 3 connect-
ed to the own apparatus with the cellular network man-
aging function and the own apparatus. However, a con-
trol operation performed using the stored maximum
number of hops is partially different from the control op-
eration in the first embodiment.
[0105] Specifically, when each of the radio base sta-
tions 2 functions as a radio base station at the handover
destination and executes handover processing, the radio
base station 2 determines, based on the number of times
of transfer of the handover request message and a com-
munication state (connection state management infor-
mation) of the radio mobile station 3 that moves to under
the own station, whether to change the radio base station
that provides the cellular network managing function.
Specifically, first, each of the radio base stations 2 checks
whether the radio mobile station 3 moving to under the
own station is in a communication state. If the radio mo-
bile station 3 is in communication, the radio base station
2 determines not to change the radio base station that
provides the cellular network managing function. If the
radio mobile station 3 is in non-communication, the radio
base station 2 compares the number of times of transfer
of the received handover request message and the max-
imum number of hops. When the number of times of
transfer reaches the maximum number of hops, the radio
base station 2 determines to change the radio base sta-
tion that provides the cellular network managing function.

[0106] Referring back to the sequence shown in FIG.
14, because the radio mobile station 3 about to switch
the connection destination from the radio base station
2B to the radio base station 2C is in communication, when
the radio base station 2C receives the handover request
message transmitted at step S82, the radio base station
2C determines not to change the radio base station that
provides the cellular network managing function. The ra-
dio base station 2C returns a handover response mes-
sage to the radio base station 2A (steps S84 and S85).
This message reaches the radio base station 2A through
the radio base station 2B.
[0107] The radio base station 2A that receives the
handover response message transmits a handover in-
struction message to the radio mobile station 3 and in-
structs handover to the radio base station 2C (steps S86
and S87). This message reaches the radio mobile station
3 through the radio base station 2B. When the radio mo-
bile station 3 receives the handover instruction message,
the radio mobile station 3 switches the connection des-
tination from the radio base station 2B to the radio base
station 2C according to instruction contents of the hando-
ver instruction message and then transmits a handover
completion message to the radio base station 2C (step
S88).
[0108] According to the control procedure explained
above, the handover from the radio base station 2B to
the radio base station 2C and the switching processing
for the data transfer path involved in the handover
(handover not involving a change of the radio base station
that provides the cellular network managing function) are
completed. Thereafter, the radio mobile station 3 com-
municates with the gateway 1 through the radio base
station 2C. A communication path between the radio mo-
bile station 3 and the gateway 1 in this state is a commu-
nication path of the radio mobile station 3, the radio base
station 2C, the radio base station 2B, and the gateway 1.
[0109] In the explanation in this embodiment, as the
connection information used together with the threshold
in the processing for determining whether to change the
radio base station that provides the cellular network man-
aging function, the information concerning the commu-
nication state (in communication or in non-communica-
tion) of the radio mobile station 3 to be controlled is used.
However, other information can be used. As usable con-
nection information, for example, there is information
concerning a communication type (real-time communi-
cation (e.g., sound) or non-real-time communication
(e.g., data)). When this communication type information
is used, during the real-time communication, the base
station that provides the cellular network managing func-
tion is not changed to reduce a switching time. It is also
possible that information concerning a data transfer
amount in a fixed time is used as the connection infor-
mation and, if the data transfer amount is equal to or
larger than a fixed amount, it is determined that the radio
mobile station 3 is in high-speed communication and the
base station that provides the cellular network managing
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function is not changed to reduce a switching time.
[0110] When the radio base station that provides the
cellular network managing function is not changed during
handover of the radio mobile station, thereafter, the radio
mobile station that provides the cellular network manag-
ing function is switched after the radio mobile station
changes from in communication to in non-communica-
tion. Specifically, the reset processing for the data trans-
fer path (the processing equivalent to steps S29 to S35
in FIG. 6 or steps S49 to S57 in FIG. 8) included in the
second control procedure explained in the first embodi-
ment (see FIG. 6) or the control procedure involving a
change of the gateway explained in the second embod-
iment (see FIG. 8) is executed.
[0111] As explained above, in the multi-hop cellular
radio system according to this embodiment, when the
radio mobile station moves to under the each of the radio
base stations, the radio base station determines, taking
into account a communication state of the radio mobile
station, whether to change the radio base station that
provides the cellular network managing function. Conse-
quently, for example, when the radio mobile station is in
communication, the processing for changing the radio
base station that provides the cellular network managing
function is not executed. Therefore, it is possible to re-
duce time for the switching processing for the connection
destination involved in handover of the radio mobile sta-
tion.
[0112] In the above explanation, the radio base sta-
tions 2 transfer a message after recording the number of
times of transfer of the message in the handover request
message. When the radio mobile station to be controlled
is in non-communication, the radio base station 2 at the
handover destination determines based on the number
of times of transfer whether to switch the radio base sta-
tion that provides the cellular network managing function.
However, instead of this method of using the number of
times of transfer, it is also possible to use the method
explained in the last part of the first embodiment. Spe-
cifically, each of the radio base stations 2 recognizes in
advance the radio base station 2 that provides the radio
mobile station 3 connected to the own apparatus with the
cellular network managing function. When the radio mo-
bile station 3 that moves to under the own station is pro-
vided with the cellular network managing function from
the radio base station 2 different from the one recognized
in advance, the radio base station 2 switches the radio
base station that provides the cellular network managing
function.

Industrial Applicability

[0113] As explained above, the communication control
method according to the present invention is useful for a
multi-hop cellular radio communication system and, in
particular, suitable for a communication control method
for realizing efficient use of radio resources.

Claims

1. A communication control method executed in a multi-
hop cellular network including at least one gateway
and a plurality of radio base stations having a cellular
network managing function for performing radio re-
source management and movement management
for a radio mobile station, the communication control
method comprising:

a first radio base station that is performing the
radio resource management and the movement
management concerning the radio mobile sta-
tion connected to the multi-hop cellular network
among the radio base stations requesting, when
the first radio base station determines that it is
necessary to switch a connection destination of
the radio mobile station, a second radio base
station serving as a radio base station at a
handover destination to perform handover
processing and instructing the radio mobile sta-
tion (a handover execution mobile station) to
perform handover to the second radio base sta-
tion; and
the second radio base station determining,
based on a number of times of transfer until a
signal transmitted from the first radio base sta-
tion reaches the own station in the instructing
handover, whether to change the radio base sta-
tion that performs the radio resource manage-
ment and the movement management concern-
ing the handover execution mobile station.

2. The communication control method according to
claim 1, wherein, in the determining whether to
change the radio base station, when it is determined
to change the radio base station that performs the
radio resource management and the movement
management concerning the handover execution
mobile station, the second radio base station takes
over the radio resource management and the move-
ment management concerning the handover execu-
tion mobile station.

3. A communication control method executed in a multi-
hop cellular network including at least one gateway
and a plurality of radio base stations having a cellular
network managing function for performing radio re-
source management and movement management
for a radio mobile station, the communication control
method comprising:

a first radio base station that is performing the
radio resource management and the movement
management concerning the radio mobile sta-
tion connected to the multi-hop cellular network
among the radio base stations requesting, when
the first radio base station determines that it is
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necessary to switch a connection destination of
the radio mobile station, a second radio base
station serving as a radio base station at a
handover destination to perform handover
processing and instructing the radio mobile sta-
tion (a handover execution mobile station) to
perform handover to the second radio base sta-
tion; and
the second radio base station determining,
based on information concerning the first radio
base station and information concerning a radio
base station determined in advance as a radio
base station that performs the radio resource
management and the movement management
concerning a radio mobile station under the own
station, whether to change the radio base station
that performs the radio resource management
and the movement management concerning the
handover execution mobile station.

4. The communication control method according to
claim 1, wherein, in the determining whether to
change the radio base station, when it is determined
to change the radio base station that performs the
radio resource management and the movement
management concerning the handover execution
mobile station, the second radio base station re-
quests a gateway associated with the second radio
base station in advance to reset a data transfer path
between the second radio base station and the
handover execution mobile station.

5. The communication control method according to
claim 4, wherein, when the first and second radio
base stations are respectively associated with differ-
ent gateways in advance, the second radio base sta-
tion requests the gateway associated with the sec-
ond radio base station to reset a data transfer path
while changing a gateway that forms a data transfer
path between the second radio base station and the
handover execution mobile station.

6. The communication control method according to any
one of claims 1 to 5, wherein the second radio base
station checks whether an overlapping section is in-
cluded in a data transfer path immediately after the
handover execution mobile station executes the
handover and, if the overlapping section is included,
determines, irrespective of a determination result in
the determining whether to change the radio base
station, that a change of the radio base station that
performs the radio resource management and the
movement management concerning the handover
execution mobile station is carried out.

7. The communication control method according to
claim 1 or 2, wherein
the first radio base station also manages a commu-

nication state of the radio mobile station for which
the first radio base station performs the radio re-
source management and the movement manage-
ment,
in the instructing handover, when the first radio base
station requests the second radio base station to per-
form the handover processing, the first radio base
station also notifies a communication state of the
handover execution mobile station, and
in the determining whether to change the radio base
station, the second radio base station determines,
based on the number of times of transfer and the
notified communication state, whether to change the
radio base station that performs the radio resource
management and the movement management con-
cerning the handover execution mobile station.

8. The communication control method according to
claim 7, wherein, in the determining whether to
change the radio base station, the second radio base
station evaluates the number of times of transfer us-
ing different thresholds when the communication
state is in communication and when the communi-
cation state is in non-communication to thereby de-
termine whether to change the radio base station
that performs the radio resource management and
the movement management concerning the hando-
ver execution mobile station.

9. The communication control method according to
claim 7, wherein, in the determining whether to
change the radio base station, the second radio base
station evaluates the number of times of transfer us-
ing different thresholds when the communication
state is in real-time communication and when the
communication state is in non-real-time communi-
cation to thereby determine whether to change the
radio base station that performs the radio resource
management and the movement management con-
cerning the handover execution mobile station.

10. The communication control method according to
claim 7, wherein, in the determining whether to
change the radio base station, the second radio base
station evaluates the number of times of transfer us-
ing different thresholds when the communication
state indicates communication in which a data trans-
fer amount per unit time reaches a specific value and
when the communication state does not indicate the
communication to thereby determine whether to
change the radio base station that performs the radio
resource management and the movement manage-
ment concerning the handover execution mobile sta-
tion.

11. The communication control method according to
claim 7, wherein, in the determining whether to
change the radio base station, when the communi-
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cation state is in communication, the second radio
base station determines not to change the radio base
station that performs the radio resource manage-
ment and the movement management concerning
the handover execution mobile station.

12. The communication control method according to
claim 11, wherein, in the determining whether to
change the radio base station, when the second ra-
dio base station determines not to change the radio
base station that performs the radio resource man-
agement and the movement management concern-
ing the handover execution mobile station because
the communication state is in communication, after
the handover execution mobile station ends commu-
nication, the second radio base station determines
again, based on the number of times of transfer,
whether to change the radio base station that per-
forms the radio resource management and the
movement management concerning the handover
execution mobile station.

13. The communication control method according to
claim 3, wherein
the first radio base station also manages a commu-
nication state of the radio mobile station for which
the first radio base station performs the radio re-
source management and the movement manage-
ment,
in the instructing handover, when the first radio base
station requests the second radio base station to per-
form the handover processing, the first radio base
station also notifies a communication state of the
handover execution mobile station, and
in the determining whether to change the radio base
station, the second radio base station determines,
based on the information concerning the first radio
base station, the information concerning the radio
base station determined in advance as the radio
base station that performs the radio resource man-
agement and the movement management concern-
ing the radio mobile station under the own station,
and the notified communication information, whether
to change the radio base station that performs the
radio resource management and the movement
management concerning the handover execution
mobile station.

14. The communication control method according to
claim 13, wherein, in the determining whether to
change the radio base station, when the communi-
cation state is in communication, the second radio
base station determines not to change the radio base
station that performs the radio resource manage-
ment and the movement management concerning
the handover execution mobile station.

15. The communication control method according to

claim 14, wherein, in the determining whether to
change the radio base station, when the second ra-
dio base station determines not to change the radio
base station that performs the radio resource man-
agement and the movement management concern-
ing the handover execution mobile station because
the communication state is in communication, after
the handover execution mobile station ends commu-
nication, the second radio base station determines,
based on the information concerning the first radio
base station and the information concerning the ra-
dio base station determined in advance as the radio
base station that performs the radio resource man-
agement and the movement management concern-
ing the radio mobile station under the own station,
whether to change the radio base station that per-
forms the radio resource management and the
movement management concerning the handover
execution mobile station.

16. A radio base station that configures a multi-hop cel-
lular network in conjunction with a gateway and has
a cellular network managing function for performing
radio resource management and movement man-
agement concerning a radio mobile station connect-
ed to the network,
wherein, when the radio base station receives a
handover request message addressed to the own
station generated by another radio base station, the
radio base station determines, based on a number
of times the message transfers until the message
reaches the own station, whether to change a radio
base station that performs the radio resource man-
agement and the movement management concern-
ing a radio mobile station corresponding to the mes-
sage.

17. The radio base station according to claim 16, where-
in, when the radio base station determines to change
the radio base station that performs the radio re-
source management and the movement manage-
ment concerning the radio mobile station corre-
sponding to the message, the radio base station
takes over the radio resource management and the
movement management concerning the radio mo-
bile station.

18. A radio base station that configures a multi-hop cel-
lular network in conjunction with a gateway and has
a cellular network managing function for performing
radio resource management and movement man-
agement concerning a radio mobile station connect-
ed to the network,
wherein, when the radio base station receives a
handover request message addressed to the own
station generated by another radio base station, the
radio base station determines, based on information
concerning a radio base station that is performing
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the radio resource management and the movement
management concerning a radio mobile station cor-
responding to the message and information con-
cerning a radio base station determined in advance
as a radio base station that performs the radio re-
source management and the movement manage-
ment concerning a radio mobile station under the
own station, whether to change a radio base station
that performs the radio resource management and
the movement management concerning the radio
mobile station.

19. The radio base station according to claim 16, 17, or
18, wherein, when the radio base station receives a
handover request message not addressed to the
own station, the radio base station transfers the mes-
sage after updating number-of-times-of-transfer in-
formation included in the message.
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